Understanding the relationship between the components of the growth hormone (GH) secretory pattern and metabolism may provide a basis for designing studies aimed at exploring how to manipulate GH secretion to stimulate protein gains. In a 4 x 4 Latin square design with one additional period to replicate the first treatment period, eight Holstein steers, 195 kg, were assigned to receive the following treatments: 1) 10-day iv infusion (I) of GH; 2) 10 d of six iv pulse injections (P) of GH daily; 3) 10-d combination of infusion and pulses (IP) and 4) controls (C) receiving no injections or infusions. The GH dose was 48 /ag'kg-l'd -l. Daily feed, total urine and total fecal collections were made for nitrogen (N) determination. Individual samples for d 3 through 6 (collection A) and d 7 through 10 (collection B) were pooled for analysis. Concentrations of GH were determined in blood samples collected on d 10. In collection A, the N metabolism measures were similar among all treatment groups; however, in collection B, treatment of steers with exogenous GH increased the apparent digestion coefficients for dry matter (P<.01) and dietary N (P<.01) and also increased the percentage N retained (P<.01) and the retention of metabolizable N (P<.05). Metabolic responses were similar among the different patterns of administration. The positive effects on metabolism during collection B not found in collection A were due to length of treatment with GH, as indicated by the fact that none of the measures of metabolism were changed with time in the controls. Serum concentrations of GH were increased (P<.001) in GH-treated steers compared with controls. These results support 
Introduction
Daily injections of growth hormone (GH) increased N retention and in some cases stimulated weight gains in ruminants (Brumby, 1959; Davis et al., 1969; zNidar, 1976; Wagner and Veenhuizen, 1978) . Studies with sheep, cattle and swine indicated a positive relationship between GH and greater total muscle mass and a negative relationship between GH and carcass fat content (Trenkle and Irwin, 1970; Machlin, 1972; Trenkle and Topel 1978; Wagner and Veenhuizen, 1978) . In most instances, GH concentrations in the serum were not measured; therefore, it is difficult to determine the magnitude and duration of the rise in circulating GH following administration of doses from 10 to 140 mg GH/d. However, other research has shown that injection of GH in that range produced physiological serum concentrations of GH in mature cows and steers (Bourne et al., 1977) .
The endogenous secretion of GH has been estimated to be .9 mg/d in the calf and 6.2 mg/d in the mature Charolais steer (Trenkle, 1971; Trenkle and Topel. 1978) ; the pattern of secretion is characterized by episodic spikes (McAtee and Trenkle, 1971; Anfinson et al., 1975) . The amplitude and frequency of these GH spikes varies from animal-to-animal, but remains repeatable within an animal (Davis et al., 1979) . In a recent study, faster growing Simmental bulls displayed greter secretory activity for GH and prolactin than Hereford bulls of a 1062 similar age (Ohlson et al., 1981) . One of the critical questions that remains unanswered is how the GH pattern might most effectively be manipulated to influence protein gains in the ruminant. Conceivably, the anabolic response could be related to a change in total GH secretion, the frequency or height of GH spikes, or the magnitude of the change in basal cOncentrations of serum GH. Understanding which components of the GH pattern are most involved in the regulation of N metabolism would provide a basis for designing studies aimed at exploring how to manipulate GH secretion to stimulate protein gain. The objectives of this study were to determine the effect of a specific dose of exogenous GH administered as a continuous iv infusion, as bolus injections and as a combination of infusion and injections on N metabolism in steers.
Materials and Methods
Eight Holstein steers (195 kg) were housed in a building with the temperature maintained at 18 C and the photoperiod set for 12 h light and 12 h darkness. The steers were assigned to treatments in a 4 • 4 Latin square design with animal, period and treatment as main effects and an extra period to replicate the first treatment period. Treatments included: 1) 10-d continuous iv infusion (I) of bovine growth hormone (GH)3; 2) 10 d of six iv pulse injections (P) of GH daily; 3) 10-d combination of infusion and pulses (IP) with 45% of GH dose in iv infusion and 55% in six equal pulses and 4) controls (C) receiving no injections or infusions. On the day before treatment, catheters Intramedic) were placed in both jugular veins; one for GH administration and the other for blood collection. Catheters were removed after the last blood sample on d 10. All treated steers received 48 gtg'kg-l"d -1 of GH dissolved in bicarbonate buffer (pH 9.4) and diluted with physiological saline. Infusions were delivered by Buchler polystaltic pumps (Model #2-6250) at the rate of 5 ml/h. For the pulses, an electric timer would turn on a pump for 1 min, which pumped .5 ml of the infusate into the iv cannulae, followed by activation of another pump that ran for 3.5 rain and flushed the cannulae with physiological saline. This procedure allowed the pulses to be delivered repeatedly over a short duration at precisely 4-h intervals.
The study was divided into five 16-d periods with a 14-d pretrial adaptation period to accustom the steers to metabolism crates and handling procedures (figure 1). Each period consisted of the following: (1) 10 d GH treatment with steers in the metabolism crates; (2) 3-d recovery period with the steers housed in individual pens and (3) 3-d readaptation period with steers in the metabolism crates.
A pelleted complete diet (table 1) calculated to supply 100% NRC requirements was fed to the steers. Daily feed intake for each steer was determined during the recovery and readaptation periods. During the treatment periods, each steer received 95% of this predetermined daily feed intake and this was consumed within 24 h. All steers had free access to water. Feed, total urine and total fecal collections were assayed for N content using the Kjeldahl procedure described by Horowitz et al. (1965) . Individual samples collected d 3 through 6 were pooled for subsequent analysis, as were samples from d 7 through 10. The following measures of metabolism were calculated:
(1) Coefficient of apparent digestible dry matter of the diet (DDM).
Dry weight feed--Dry weight feces
Dry weight feed x 100.
(2) Coefficient of apparent N digestibility; the percentage of dietary N that was absorbed and therefore available for metabolism. Blood samples were collected via jugular cannulae from each steer at 20-min intervals for 24 h on d 10. Blood was kept at 18 C for at least 2 h, then was centrifuged and serum decanted. Sera were frozen at -20 C until analyzed for GH by the procedures described in the Appendix. Serum GH data were analyzed using the methods described by Christian et al. (1978) to produce the following characteristigs: (1) baseline GH concentration, (2) number of GH spikes and (3) magnitude of GH spikes. Area under the GH curve was estimated using the trapezoidal summation method (Thomas, 1966) . The experimental design was a Latin square with an additional row as described in Cochran and Cox (1957) . Each steer received each treatment in periods 1 through 4. In period 5, all steers were administered the same treatments as in period 1 to determine if stresses imposed in the previous treatment periods (10-d in the metabolism crates, chronic cannulation, tong term infusions and blood sampling procedures) significantly influenced the response to treatment. Treatment responses were not different (P>.I) between period 1 and 5, indicating residual stress effects did not affect these results; therefore, all five periods were included in the analyses. The 6-d break between periods should have aided to eliminate the possibility of residual stress and treatment effects.
The metabolism data and serum GH data were analyzed by least-squares analysis of variance and orthogonal contrasts were used to make specific comparisons (Steel and Torrie, 1960) . are summarized in table 3. The serum GH patterns of a representative steer in each of the treatment groups are shown in figures 2 to 5. All observations from individual periods for six steers were eliminated from analysis of metabolism and serum GH data; three steers developed high temperatures and diarrhea, a condition that would distort the N metabolism data, and three steers were eliminated due to technical difficulties during the blood sampling period.
Results and Discussion
A primary objective was to administer an increment of GH approximately equivalent to the steer's own daily endogenous secretion rate of GH (Trenkle, 1971; Trenkle and Topel, 1978) . In this study, a mean of 9.5 mg GH was given as an infusion, as pulses or as an infusion plus pulses, which nearly doubled (P<.001; table 3, contrast 1) the area under the GH response curve measured during a 24-h period in comparison with the control steers. There were no differences between areas under the GH curves for the different routes of administration (P>.I, table 3, contrast 2 and 3). Administration of exogenous GH elevated (P<.001) baseline concentrations of GH in the serum of treated steers compared with controls (11.4 vs 7.2 ng/ml, table 3, contrast 1). Infusion of GH produced higher (P<.01) baseline GH concentrations than 6 pulses/d (12.4 vs 8.5 ng/ml, table 3, contrast 2). The combination of the two treatments, IP, table 3, resulted in higher (P<.05) baseline GH than groups I and P (13.2 vs 10.5 ng/ml, contrast 3). More (P<.01) GH spikes were detected in the GH-treated steers than in the untreated controls (11.2 vs 7.5, table 3, contrast 1). Steers in group P tended (P<.I) to have more GH spikes than group I (13.3 vs 9.8, table 3, contrast 2), but IP was similar to groups I and P (10.4 vs 11.8, table 3, contrast 3). The amplitudes of the GH spikes were similar in P and IP compared with control steers and the GH spikes in P were higher (P<.01, table 3, contrast 2) than those of group I. Mean baseline GH concentrations (7.2 ng/ml) and the frequency of GH spikes bValues are expressed as percentage of N intake.
CValues are expressed as percentage of N digested.
dCollections from d 3 through 6.
eCollections from d 7 through 10.
(7.5/24 h) of untreated st=~.rs in this study compare favorably with the data of Christian et al. (1978) in 350 to 400 kg steers (5.4 ng/ml, 6.0/24 h; respectively); however, the magnitude of the GH spikes was four times higher in the present study (44. 3 vs 11.3 ng/ml). A concern in the experimental design was the possibility that the levels of exogenous GH administered to treated steers would inhibit endogenous GH secretion from the pituitary. Autoregulation of GH has been demonstrated in the rat (Krulich and McCann, 1966; MacLeod and Abad, 1968) . Also, both the amplitude of GH secretory spikes and mean plasma GH concentrations were decreased up to 6 h following the intraventricular injection of 15/ag GH in adult male rats (Tannenbaum, 1980) . The fact that the magnitude of GH peaks in the infused steers was less than the three other groups is perhaps indirect evidence for autoregulation of GH in steers. More in-depth studies are necessary to ascertain the possibility of autoregulation of GH secretion in cattle.
Metabolism. Least-squares means of the measures of metabolism are shown in table 4 and the analysis of variance in table 5. Differences (P<.001) in the measures were found between collection A (d 3 through 6) and collection B (d 7 through 10) in each of the five treatment periods; therefore, the two collection periods will be discussed separately.
The digestion coefficients and N retention characteristics slightly increased (P>.I) in GH-treated steers during collection A. More N (P<.01) was digested from the feed in group I than in group P (table 5, contrast 2) and this was the only trait significanty affected by bGH treatment during collection A. On the other hand, substantial positive responses to GH were found during collection B. The DDM increased (P<.01) from 69.0 to 72.5%, percentage N digested increased (P<.01) from 54.3 to 58.0%, the percentage N retained increased (P<.01) from 30.0 to 34.8%, and the percentage metabolizable N retained increased (P<.05) from 55.1 to 59.7% in control and GH-treated steers, respectively (table 5, contrast 1). There were no significant differences due to pattern of GH administration for any of the metabolism data (table 5, contrast 2 and 3), but numerically the responses were greatest in I, intermediate in IP and lowest in P steers.
The enhanced digestibility and N metab61ism responses detected after treatment with GH continuously for 7 to 10 d does not appear to be the result of an acclimation to stresses accompanying confinement and sampling procedures. The characteristics of metabolism were similar in collections A and B in control steers, which suggests the effects on metabolism in GH-treated steers were augmented by increasing the duration of GH treatments. Because control steers were not infused and the stress of long term venous eannulation was absent, this conclusion must be interpreted carefully.
The finding that exogenous GH treatment increased N retention in steers agrees with other research in both sheep and cattle. Nitrogen retention was doubled in fed lambs injected with 10 mg GH daily (Davis et al., 1969) and in yearling steers injected with 140 mg GH for 25 d (Car et al., 1976) . Total urinary N decreased and N retention increased, but N digestibility was not affected in Simmental bulls treated with GH (zNidar, 1976) . Lactating dairy cows supplemented with GH increased their milk production and N retention, but there was no affect on digestible N (Peel et al., 1981) . Positive retention of both dietary N and metabolizable N in the present experiment agreed with the results in the previously mentioned studies. The fact that all GH treatments stimulated greater responses in DDM and N digestibility was unexpected and an explanation at this time remains obscure but merits further investigation.
Increased GH secretory activity was associated with increased productivity in highproducing vs low-producing dairy cows (Hart et al., 1978) , in the early (30 d) vs later (90 d) stages of lactation in dairy cows (Vasilatos and Wangness, 1981) and in a large, fast-growing vs a small, slower-growing breed of cattle (Ohlson et al., 1981) . We hypothesized that the episodic nature of GH secretion from the pituitary (Anfinson et al., 1975) may be related to its effects on the metabolic processes. The present study showed that the administration of GH to normal, growing steers significantly increased the N metabolism traits measured, and that the response was not influenced significantly by the pattern of administration. There was a trend for better results with the continuous infusion of GH than by increasing the number of episodic GH pulses. Additional studies are needed to determine if the N gains stimulated by treatment with GH are reflected as accretion of structural proteins in muscle or as increased soluble proteins. 
